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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY TESTS TO DETERMINE THE MAXIMUM
LIFT OF WINGS AT SUPERSONIC SPEEDS

By Jemes J. Gallagher and James N, Mueller
SUMMARY

An exploratory test progrem was carried out 1n the Langley 9—inch
supersonic tunnel to determine the maximum 1ift of wings operating at
supersonic speeds. A varilety of wing plan forms of random thickness
distribution were tested at Mach mumbers of 1.55, 1.90, and 2.32 and
Reynolds nmumbers varying between 0.3 X 106 and 0.7 X 106 at angles of
attack ranging from zero up through the angle at which meximum 11ft
occurred, In general, at these Mach numbers the velue of maximum 1ift
coefficient was approximately 1.05+0.05; it appeared to be independent
of plan form and decreased slightly with increasing Mach number. No
discontinuities in 1lift occurred from zero angle of attack through
meximum 1ift, which was attained at spproximately 4O° angle of attack.

In the Mach num?ber range tested, the 1ift curves remained linear as high
as 20° to 30° angle of attack, Lift-drag ratios at maximum 1ift were of
the order of 1.0,

INTRODUCTION

The designer of supersonic aircraft — particularly the gulded-mlssille
designer — ig interested in the maximum loads that can be attalned on
wings operating at supersonic speeds. The need for such meximum—load
information is obvious in determining the maximum sccelerations that can
be attained by supersonic aircraft and in the structurel design of aircraft
components, To provide maximm 11ft and drag informetion, tests of
10 wings to high angles of attack were made 1n the Lengley 9-inch super—
sonic tunnel. Only availeble models were used; hence no comprehensive
study of plan form end wing section was made. The tests were concerned
meinly with plan form inasmuch as 1t wae felt that this was the primary
varlable.
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SIMBOLS

stream velocity
gtream Mach number
gtream density

gtream viscosity

dynamic pressure (%pVQ) (

Ve
'
meximm wing span
maximum wing chord in stream direction

Reynolds number referred to o

wing area

b2
aspect ratio -S-

meaximm thickness of wing
thickness ‘ra:bio of wing in stream direction

11ft coefficient (%)

drag coefficient (Qx‘q.gs)

angle of attack, degrees

triangular wing vertex half-aengle, degrees

NACA BM No. L7J10

wing-tip angle measured from streem direction, degrees

sweep angle of leading edge, degrees

APPARATUS AND TEST METHODS

Description of tunnsel.—~ The Langley 9—inch supersonic tunnel is a

closed=return wind tummel in which the humidity end temperature of the
air can be controlled with sultable drying and cooling equipment, The
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test Mach number 1s varied by the use of interchangeable nozzle blocks
which form test sectlons approximately 9 inches square. Models are
mounted in the tunnel on shlelded stings and the forces are msasured
on & three—component balance system. The range of the externelly
controlleble angle~of—ettack mechanism is +5°,

Description of models and supporte.— The models tested are shown In
Pigure 1 and pertinent dimensions are glven in table I. The two
trapezoidsl wings (6 = 30° and 6 = 40°) were made by obliquely cutting
off the tips of rectangular wings which had symetricel circular-arc air—
foll gsections. The trapezoldal wings were tested with both bluff and
beveled tips. The rectangular wings had symmetrical circular-arc air-
foll sections., The 63° and 45° swept wings had modified symmetrical
circular—arc airfoil sectlons perpendicular to the leading edges. The
modifications entailed rounding the leading edges and beveling the tips.
The triengular wings were flat plates with leading edges beveled slightly
and rounded off and trailing edges beveled to a sharp edge. A more
complete description of these swept and trlanguler wings is glven in
reference 1, The 36° swept wing had the same airfoll section and tip
bevel as the other swept wings, but its tips were cut off parallel to
the stream direction.

Various stings (fig. 2) were used to support the models in the tests.
For most of the tests the windshield shown in figure 3 was used; however,
some tests were made using the long windshield shown in figure L. The
combinations of the varlous wings and their supports are summarized in
table IT,

Test methods.— The limited range of the tunnel angle~of-—ettack
mechenism (FH°) made it necessary to devise some means for the tests
which would allow larger angles to be reached. The angle—of—attack range
was covered by bending the sting (fig. 2) successively in 10° increments,
£11ling in smaller incremental angles wlth the angle~of-attack mechanism,

The first set of date talen et M = 2,32 using sting “a" showed
displacements of successive groups of test points (epproximately 10°
increments between "sting bends") in the 1lift results as shown in
figure 5. These dlsplacements in the 1ift curves suggested that the
forces on the sting might be larger then had originally been expected.
The maximum displacement of the test—point groups in the region of
maximum 1ift occurred for the smellest area wing (fig. 5(b)) and was
of the order of 6 percent. Only smell displacements are to be noted in
the drag curves.

Because of the displacements in the %Lest—point groups indicated in
the results at M = 2,32 using sting "a," sting "d" (fig. 2) was used
in the next series of tests at M = 1.55 (fig. 6) In an attempt to
reduce the forces on the model support. The maximum displecement of
the test—point groups in the region of maximum 11ft occurred as In the

GOMEIDENTTAT
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M = 2.32 tests for the smaller area wings, but was about 5 percent e
(figs. 6(b) and 6(f)). The displacements for the majority of the configu—
rations, however, were.conslderebly less. The dlsplacements in the

drag test-polnt groups were again small as compared with the 1lift results.

Even though the shorter sting reduced the magnitude of the discontinui-
ties in the 1ift curves, the sbsolute values of the forces on the model
supports were stlll not known. In en attempt to evaluate these forces,
eigh‘t palrs of statlic orifices were installed on sting "b" and run at

= 1,55 for the conflguretions indlcated in teble IT. The corrected
lift data are shown in figures 6(a), 6(b), 6(f), 2nd 6(g). The long
windshleld was used in addition in an attempt to minimize the forces on
the model support as much as possible and provide an additionsl comparative
value of 1ift close to maximm 1ift,

The previous tests showed good agreement between the walues of
meximum 1ift obtalned by correcting for the sting pressures and by the
use of the long windshleld; therefore, in the next series of teats, only
'bhe long windshield was used to obtain check data., For ths tests at

= 1,90, sting "b" was again employed and, because of the reduction in
'bhe megnitude of the lift-curve displacements in going from sting "a" to
sting "b' & still shorter model support, sting “c," was elso employeﬂ.
The tests at M = 1,90 were run at angles of attack in the region of
maximum 1ift only.

PRECISION OF DATA

N

It should be realized that the primary purpose of the tests was to
obtain velues of maximum 1ift. Data obteined at the lower angles were
not expected to be as accurate as those obtained at the higher angles
because the test technigue employed wes one of convenience. Furthermore,
no reasonable values of pitching moment were obtained beceuse the lack
of sufficient Instrumentation made it impossible to evaluate the
magnitude and location of the resultant force on the sting,

The total forces on the models and supports were measured on self-—
balancing beam scales. The maximm probeble errors in the scale measure—
mente sre of the order of a small fraction of 1 percent of the forces
at meximm 1ift and thus eppear negligible in compa.rison with the other
errors involved in evaluating the forces on the model supports. The
differences in values obtained by the various model—support schemes thus
remain the only meens of judging the accuracy of the maximum-1ift results.

Maximum 11ft.— The lack of any previous informetion on maximm 1ift

at supersonic Mach numbers made the check-point runs in these tests
necessary, Most of the informetion regarding accurscy was obtained at -
M = 1,553 however, some additional checks were made at M = 1,90, The .
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date corrected for the pressure forces at maximm 1ift (shown in figs. 6(2),
6(b), 6(f), end 6(g)) checked the uncorrected 1ift values within 5 percemt
except for the trapezoidal wing for which there was an 8-percent dis—
crepandy, The obtainment of sufficient pressure readings along the
sting for preclse evaluation of the pressure forces would have been a
prohibitively tedious process. Thus, because of the unknown precision
of evaluating the 1ift component of the spindle pressure forces, an
evaluation of the precision of the uncorrected resulie is not directly
pogsible, The fact that the pressure corrections have taken most of

the 10°=increment displacements out of all the 1lift curves (with the
exception of fig. 6(b)) does, however, lend credence to the validity

of the pressure corrections, It appears from the data that the differ~
ence between the uncorrected and corrected velues of maximum 1ift is
indicated as a reduction in the corrected velue of about 5 percent,

The dete obtained with the long windshileld covering the stings fell
between the uncorrected data end the deta corrected by use of the sting
pressures. The long windshield data differed by 2 to L percent from

the uncorrected deta with the exception of the trapezoldel wing which
gtill disagreed by 8 percent., Further check rwns at M = 1.90

(fig. T) with the long windshield checked the uncorrected 1lift data
obtained with sting "b" within approximately 7 percent or less, and
sting "c," within 3 to 4 percent. Since, in general, the various
methods show & scetter in the order of 0.05 for maximum 1ift coeffielient,
it is felt that the results are probably signifiosnt to 0.05.

Drag at maximum 1lift.— An insufficlent number of pressure tubes
was installed on the stings to s2llow e reasonable velue of sting drag
to be obtained from integration of these pressures., The only method
thus availeble is found in the use of the long windshield, Figures 6(a),
6(v), 6(f), end 6(g) show that the uncorrected drag is about k& to
6 percent higher then the date obtained with the long windshield.
Teats v at M = 1.90 show approximately the same error,

Lift at low angleg.~ The magnitude of the sting forces at the lower
angles of attack could not be.very easlly evaluated; thus, a comparison
of data in reference 1 for identical wings with short stings lends itself
to & convenient check, The only wings in reference 1 for which a reason—
able angle~of-etteck range was run were the triangular wings € = 26°
end € = 45° et M =143 and M= 1,71, Comparisons with low-engle
data (o = O° to 49) presented in this report show that 1ift end 1ift—
curve slopes herein presented at M = 1,55 with sting "b" are about
9 to 11 percent lower compared with reference 1, for which a direct
interpoletion for Mach number was mede. It 1s reallzed that two con—
figurations do not afford conclusive evidence as to the accuracy of
the data; it 1s felt, however, that the other data willl compare equally
as well in precision, Furthermore, the check polints were made with
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the smeller area wings where the sting forces represent a greater percentage
of the total force; thus, the data for the la.rger eres wings are probably
more accurate.

t .~ Drag checks similar to the 1ift checks were
mede with data presented in reference 1, The value of drag coefficilent
(M = 1.55) with sting "b" checked those of reference 1, The drag—
coefficient valuees obtained from reference 1 were corrected as indicated
therein,

Values of minimum drag coefficlent presented in this report are
approximately 0,01 higher than those of reference 1, This higher ‘drag
18 probebly due to differences between the sting configurations. The
stings in the present tests were much longer then those in reference 1;
and, at zero 1lift, the sting on the wings in reference 1 was at 0° a.ngle
of attack while for the present date at zero 1ift, the reer portions of
the stings were at =5° angle of attack., Values of minimum dreg coef—
ficient taken from the curves in this report will probably be too high
and of doubtful velus.

Stream surveys.— Streem surveys heve indiceted slight varletions in
gtream Mach number snd static pressure in the test section. The maximum
variastions measured for the test sections of the nozzles used In these
teosts are as follows: .

Mach Maximm varistion Meximm varistion
number in Mach number in stresm pressure
(percent) (percent)
1.55 ¥0.6 .3
1.90 t.5 s
2.32 Xk .5

It is felt that these variations do not affect the date to & sufficient’
extent to warrant discussion relative to the present tests.,

RESULTS AND' DISCUSSIONS

Li1ft and drag results for the verious wings tested are presented in
figures 6, 7, and 5 for Mach numbers of 1.55, 1.90, and 2,32, respectively.
The Reynolds number per inch of chord for these test models varied between

0.37 X 106 et M= 1,55 end 0,27 X 106 at M = 2.32, The meximum

COFIVERL IS



NACA RM No, L7J10 SARETDENTIAL—— 7

Reynolds number atteined in these tests was 0.7k X 106 for the 63° swept—
back wing at a Mach number of 1.55.

Lift Results

Maximm-11ft region.— The velue of the meximm 1ift coefflcient for

all configurations tested was practicaelly constant for each Mach number
regardless of verying plen forms. The maximm 1ift coefflcient dld vary
slightly with Mach number, tending to decrease as the Mach number became
greater., At a Mach number of 1.55, en average value of maximum 1ift
cosfficient for all configurations of approximately 1.10 was obtained,
decreasing to 1.05 at M = 1,90 and further decreasing to 1.00 at

M= 2,32, Table III sumerizes the values of maximm 11ift coefficlent of
the various configurations at each Mach number. The angle of attack at
which maximum 1ift coefficient occurred was epproximately 4OC for all
Mach numbers and configurations,

Low—-engle region.— The experimental 1ift cwurves, when faired through
the intermediate values of each test-point group, are linear up to angles
of attack as high as 20° for the 63° sweptback wing at M = 1.55, increasing
to a value of 30° for the trianguler (¢ = 26°) and 63° sweptback wings
et M= 2.32, In general, the trend of the 1lift curves for all the wings
was to remain linear to higher angles of attack as the Mach number increased.
Owing to the fact that the value of the 1ifts of the stings — especially
ag affected by the different flow condltions behind the verious wings —
is not known, the only means for obtaining an indicatlon of the preclsion
of the results is by comperison with theory and other experiments. Comparisms
of theoretical and experimental lift-—curve slopes show the theoretical
slopes to have deviations from s maximum of 50 percent greater (for the
trapezoldel wing, 6 = 40°, and tips beveled) to 6 percent less (for
trapezoidel wing, 6 = 30°, and tips not beveled) then the experimental
glopes,

The experimental lift—curve slopes herein presented for the triangular
wings (e =26° and ¢ = 450) show deviations of 10 to 20 percent,
respectively, less then theory, as compared with corresponding deviations
of approximately 2 percent greater and 10 percent less for ldentlcal

triangular wings of reference 1.

No general consistency 1s observec between the experimental and theo—
reticel lift curves among the varlous plen forms or for given plan forms
at the different Mach numbers. ‘ .

Drag Results

Maximm-11ft region.— The drag tare forces appear to be much more
influenced by sting length than-¥W-TX¥FE Rorces; and an insufficilent

GONEFRENTTNL—
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number of check points were obtainsd to glve any reasonsble value of drag .
coefficient for which a comparlison could be made.

The value of the drag coefficient obtained at maximum 1lift is approxi-
mately 1.0; however, no significant indication of the varlation of drag of
any cocn.figuration with Mach number cen be deduced becsuse of the different
sting lengths used at the varlous test Mach numbers.

Lift-drag ratios of the order of 1.0 were obtalned at maximm 1lift,
No significant differences in the value of thls ratlo are noted with
change in plan form and Mach number,

Schlieren Photographs

Schlieren photographs of plan and side elevation views of two of the
configurations at M = 1.55 are shown in figure 8 with both vertical and
horizontal knife edges. The plctures meinly show by the strong shock
shead of the wing that, as would be expected, the wings constltute a very
large disgturbance to the flow, The side elevatlons are probably more
interesting., It 1s difficult, however, to trace some of the disturbances
to their origin., For instance, it i1s probable that the changes in density
in the strong vortices from the region of the tlps mask completely any
view of the flow close to the wing surfaces; nevertheless, some dlsturbances
cen be traced to dlscontinuities such as the wing treiling edge. It -
appears that not a great deal cen be learned from these schlieren photo—
grapns because the flow about the wing is three dimensional.

CONCLUSIONS : - —

Supersonic=tunnel tests to determins the meaximum 1ift of 10 wings
of various plen forms and rendom thickness distrlbutlon at Mach numbersg
of 1.55, 1.90, and 2.32, and Reynolds numbers varylng between 0.3 X :I.O6

end 0,7 X 10° have indicated the following concluslons:

1. The average velue of ma.xiﬁum 1ift coefficient was approximately
1.05£0,05 and appeared to have no significent variation with plan form;
however, the velus decreased slightly with increasing Mach number.

2. The 1ift curve remained linear for angles of attack as high as
20° to 30°, and no discontinuilties in 1ift occurred from zero wp to and
slightly sbove maximum 11P%,

3, Maximum 1ift was not obtained iuntil an angle of attack of e.pproxi— ,
mately 400 was reached.
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4y, Lift-drag ratios of approximately 1.0 were obtained at maximum
1ift, _

Langley Memorisl Aeronautical Leboratory
National Advisory Committee for Aeronautics

Langley Fleld, Va.

REFERENCE

1. Ellis, Macon C., Jr., and Hasel, lowell E.: Preliminary Tests at
Supersonic Speeds of Triangular and Swept-Back Wings. NACA RM—

No. LAL1T, 1947.



S IIRNLIAE, RACA BM No. LT7J10

TABLE I.— MODEL-SHAPE PARAMETERS

Maximum chord
Configuration [*8PCt| ying area in stresm Thickness
ratio, | (gq 1n.) direction ratio,
A (in.) t/c

Triengular wing; | 1.96 1.772 1.890 0.02
€ = 26° .

Triengular wing; | 4.06 1.295 1,130 .03
€ = 45°

Swept wing; 1,76 3.600 1.135 .11
A 360

Swept wing; 3,26 3.340 1.330 .09
A= ’4-50

Swept wing; 1.37 3.340 2.070
A= 63°

Trapezoldal wing; | 3.36 1.095 1.069 .06
6 = 40O, .

Trapezoidal wing; | 2.78 1,440 1.008 .09
e = 30°

Rectangular wing | 1,7h 1,972 1,069 .06

Rectengular wing | 1.99 2,019 1.008 .09

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- TEST CONFIGURATIONS

[a, sting "a3" b, sting "b;"

¢, sting "c;" iw long windshield (only

X 15° ), pc, evaluation of sting 1ifts by sting pressures]

Test configurations

Wing
M=1,55 M=1,9 M=232
Triasnguler wing; b, 1w, pec P, ¢, w a
€ = 26° ’ 09 to 529 BOO o 52° | ©0° to 50°
Triangular wing; b, v, p¢ | === == a
€ = 450 0° to 50° -————- 0° to 52°
36° sweptback wing b b, 0, IW | =—e———
0° to Lu° 420 to 540 | - - — -
45° sweptback wing b = a
0° to 45° —-———— 0° to 50°
63° sweptback wing 1 T (U —. a
0° to 41°© ————— 0° to 520
Trapezoldal wing;
6 = 4OO; tips b, 1w, pc by C W | —————
beveled 0° to 50° 420 to 540 | = m e - -
Trapezzé%al wing; b I
8 = ; tips not o o
beveled 0% t0 107 | —=—=== | —=——-
Trapezoldal wing
0 = 30°; tips | T T T 77 26 _f_" Zwo -----
beveled | — T~ A
Trapezoigal wing | _ _ _ _ _ o .
o - 303 tipemet! _____ 40O to 480 | 0° to 52°
Rectangular wing; b, 1w, pc by Cy IW | == ———
A=1.7h 0° to 500 420 to 540 | — - — —
Rectangular wing; | == —— = -_——— a
A=19 || =ememe= | e e=- 0° to 52°

NATTONAT, ADVISORY
COMMITTEE FOR AERONAUTICS
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.TABLE ITI,— MAXTMUM-LIFT-COEFFICIENT VALUES

Configuration

%L

M=1.,55

M=1,9

M= 2,32

Triangular wing;

€ = 26

Triangular wing;
‘:’-}5

36° sweptback wing
45° aweptback wing
63° sweptback wing
Trapezoidel wing;

6 = 40%; tips

beveled
Trapezoldal wing;

6 = 30°; tips not

beveled )
Trapezoidal wing;

6 = 30°; tips
beveled

Rectangular wing;
A=1,74

Rectangular wing;
A =1,99

1.05

1.10

1.10
1.10
1.00

1.15

1.05

1.00

1.10

1.05

1.05

1.00

1,00

NATIONAL ADVISORY
COMMITTEE FOR AERCNAUTICS



Figure 1.- General view of models tested.
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Figure 2.- Various stings used in tests. Stings bent 459.
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(b) Sting ¢b”.
Figure 3.~ Concluded.
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Vertical knife edge’ Horizontal knife edge

Vertical knife edge Horizontal knife edge

(2) Trapezoidal wing; © =40°; tips beveled.

Figure 8.- Schlieren photographs of wings operating at maximum
lift. M = 1.55.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABOBATORY = LANGLEY FIELD., VA.
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Vertical knife edge Horizontal knife edge

Vertical knife edge . Horizontal knife edge

(b) Rectangular wing; A = 1.74; -E:-= 0.06.
Figure 8.~ Concluded.
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